were under $500 per year than in the group whose earnings were $700 or more per year.
If it is desired to determine closely many of the relationships between socio-economic factors and health, it seems necessary to use small units of population as a basis of study. Some studies of this type have been conducted with wards of cities as the unit. Wards are sections of a city set up for political purposes; rarely, if ever, are their boundaries laid out so as to separate sociologically homogeneous areas with the result that population homogeneity seldom exists within them.
Consequently, a movement has prevailed among workers in the field of population during the past two decades to divide cities into smaller units, termed "census tracts," the boundaries of which divide off homogeneous areas so far as major population characteristics are concerned. 16 Laidlaw7 in New York and Green4 in Cleveland first used such areas. Since then, this system has been extensively used in other cities. Data, secured in this way, enabled Green5 in 1931 to show that the infant mortality rate in the lowest economic group was 240 per cent higher than in the highest economic group.
The method is more useful in larger cities, which can be divided into perhaps several hundred census tracts, than in smaller cities such as New Haven. This city has a population of a little more than 160,000 and is divided into 33 wards which until recently have served as the census tracts, and whose populations are not sociologically homogeneous. They have been used, however, in a number of studies of the health status of New Haven's population. MacDonald8 applied them to problems of prenatal care in 1933, Beach,1 in 1934, used them in a mortality study, and Nickerson,9 1933 , studied infant and pre-school child care. It was evident that the lack of clear-cut distinctions between the tracts led to failure to achieve rational results in many phases of these studies. Davie,3 in 1937, published the results of an intensive and comprehensive sociological study of New Haven, which divided the city into 25 districts reasonably homogeneous from a broad socio-economic point of view. The thoroughness of this work stimulated the junior author to apply the districting to a mortality analysis of the city over the period covered by the data upon which Davie's analysis was made. The results of this analysis are presented in the present paper.
MORTALITY AND SOCIO-ECONOMIC STATUS
The social ecology of New Haven* Sources of socio-economic data. Davie 's study3 was based on information collected in New Haven during the years 1933 to 1935. Its purpose was to gather detailed data regarding a series of social, economic, and demographic factors. The city was divided into twenty-five ecological districts on the basis of this information, each district being quite homogeneous from the point of view of a series of socio-economic factors.
Subdivision was accomplished by the use of maps of the city showing every lot and the location and size of every structure. From these it was possible to designate the predominant utilization of each city block relative to the character of the dwellings and its residential, commercial, industrial, or recreational use.
In addition, distributions of the population according to various social and demographic criteria were prepared and studied. These related particularly to family income, race and nativity, religion, delinquency, and dependency,t as well as inclusion in the Social Register, Who's Who, and membership in the Graduate Club. The The ecological districts. These physical and social criteria brought to light twenty-five distinctive, homogeneous, "natural" districts ( Fig.  1) . The central commercial, the industrial, and the University areas are omitted from the present discussion because they are so delimited as to exclude practically any other use and contain a negligible proportion of the resident population. There remain twenty-two distinctive areas, mainly residential, which vary considerably in size and population but are each reasonably homogeneous for the socio-economic criteria.
The districts varied in population in 1930 from 285 to 30,508. In order to provide population groups sufficiently large for a mortality analysis, the districts were grouped into seven areas. These were labeled and graded in order from "A" to "G," area "A" being the best socioeconomic area and "G" the worst. Even this grouping was too fine for mortality rates for certain causes of death by age groups, so that the seven areas were further grouped into three Major Areas.
A brief description of these areas follows. The ecological districts which were placed in each group can be seen on the accompanying map (Fig. 1 16 . The second best residential sections of the city. They contained a small number of "notables." Heads of families were mainly office workers, dealers, and proprietors, with business executives and professional persons ranking second. Twofamily houses were in the majority. Modal family income was $1500 to $3000. From one-third to one-half of the heads of families were native born. There was no problem of delinquency and practically none of dependency.
Area "eC"-Districts 10, 11, 18, and 22. These were mainly residential in nature. Artizans and office workers formed roughly 50 per cent of the family heads. The two-family house was general. About half of the families had incomes over $1500 and about half the family heads were native born. Delinquency was practically non-existent. Dependency was below the average but obviously affected by the depression.
Area "rD" Districts 3, 7, and 8. Districts with some business and even a little industry. Artizans and laborers predominated. Two-family houses were the general rule. Somewhat more than fifty per cent of the families had incomes less than $1500 per year. About one-third of the family heads were native born. Delinquency and dependency rates were consistently below expectancy.
Area "rE" Districts 9, 19, and 21. Districts which were predominantly residential but contained a good deal of commercial activity. Two-thirds of the family heads were artizans or laborers. Two-family houses predominated. Roughly 75 per cent of the families had annual incomes of less than $1500. Forty per cent of the family heads were foreign born. Delinquency was below expectancy. Dependency was at the expectancy level.
Area "F" Districts 6, 12, 15, and 20 . Districts which included some business and commercial activity; the "blighted" areas. Living conditions, when measured by the physical components involved in housing, were generally below desirable and healthful standards, but were not beyond 55 repair. Predominant occupations of family heads were those of laborer, artizan, or skilled worker. Two-family and multi-family dwelling units prevailed generally. Over 80 per cent of the family incomes were less than $1500 per year; over 60 per cent of family heads were foreign born. This area also contained the Negro neighborhood and thus had the largest proportion of Negro residents in the city. Both delinquency and dependency rates were generally well above the average.
Area "G"G-Districts 4, 5, and 13. These were the obvious slums, with commerce and industry scattered throughout. Eighty per cent of the family heads were laborers or artizans. Housing consisted of crowded two, three, and multi-family units of the poorest quality. With very few exceptions the family income was below $1500 per year with a significant proportion below $1000. These for the exact boundaries of any district, including the main Negro district of the city (included in our area F). However, when the statistics of split enumeration districts were apportioned to estimate the population distribution of the areas, estimates as to color had to be made in the same manner as the other estimates. In this way, it may be that the estimated Negro population for area F is too low, and for the other areas it may be somewhat high. Crude annual mortality rates were calculated in the usual manner. Age adjusted (standardized) mortality rates were computed in all instances by multiplying the specific death rate for each age group by the population of that age group in New Haven in 1930, adding together the resulting "theoretical" deaths and dividing the sum by the total population. The resulting "age-adjusted" rate can be interpreted as the total mortality rate for the area concerned which would have occurred if the age composition of the population of the area had been the same as that for the entire city. Differences in varying age composition from area to area are thus eliminated from the study.
Mortality of the ecological areas
All comparisons were subjected to a test of significance in order to minimize the possibility that the observed differences were merely due to chance and so void of real significance. The chi-square test was utilized throughout the present study in the manner prescribed in Snedecor's Statistical Methods.1" In the comparison of two rates the test for fourfold tables was used; when two sets of more than two rates were tested, the additive feature of the chi-square test was utilized, the basic com-63 parison being that of the paired rates. In all cases a chi-square value indicating a probability of less than 0.05 and more than 0.01 'was considered "significant" and a chi-square value indicating a probability of less than 0.01 was considered "highly significant."
Deaths from all causes Results of the analysis of mortality from all causes are found in table 4 and shown graphically (age adjusted rates) in figure 5 . The total number of deaths included in this analysis was 8, 201 .
Adjustment of the rates for all persons according to the age distribution of New Haven in 1930 effected a considerable change in the size of the all-cause death rates. The alteration, however, uncovers a striking inverse correlation between socio-economic levels and mortality. Low socio-economic areas possess high mortality rates; high socioeconomic areas possess low rates. As against the adjusted rate for the city* of 10.5 per 1,000, the age-adjusted rate for the high socio-economic area A was 8.0. The rate progressively and significantly increased to one of 11.8 for the lowest socio-economic group, area G. * As previously stated, the term "city" is used throughout the present study to denote the total area studied, which constitutes 97.0 per cent of the total population of New Haven. All rates were adjusted to the age distribution of the total population of New Haven in 1930, which accounts for the fact that the crude death rate for the "city" is often not the same as the adjusted rate, due to slight differences in the age distributions of the population of the area studied and of New Haven as a whole.
When the chi-square EMTALITY RATI S OF ECOLOGICAL AREAS -HWJIAVEN, COfN. 1930-4 test was applied to the Figure 5 Deaths 18.7 . Again, the test showed that the rate differences were highly significant for the seven areas.
In the age group 65 years and over, the rate varied from a low of 67.4 in area C to a high of 84.2 in area E, with the rate for the city being 78.5. Tests of significance again indicated that the rate differences were highly significant in the seven areas A to G.
These data establish a close relationship between socio-economic status and the total death rate. The best socio-economic area of the city has an adjusted death rate much smaller than that for the worst area. Since the primary difference between the various areas is that of socio-66 economic status, the differences in mortality appear to be explained by differences in the socio-economic living standard, i.e., the higher the level of living, the lower the death rate and vice versa. The data relating to the age-specific death rates in the various ecological areas indicate that mortality rates increase progressively with a deterioration in the standard of living in each age group. This is seen significantly in the broader grouping of the three major areas but it is also indicated in the finer grouping of the ecological areas. In the latter grouping the age-specific rate in each instance is much higher in area G than in area A, with the rates in the intervening areas falling between these two values, and with few exceptions, in graded correspondence with their relative socio-economic position.
Since the death rate is usually very much greater in the age group 0-0.9 than it is in the group 1-4, it is regretted that closer analysis of the mortality rates in the age group 0-4 was not possible because of unavailability of population data for the group 0-0.9 separately.
The fact that the death rate for the age group below 5 years is a little higher in area F than it is in area G may be due to the conditions associated with the relatively high Negro population of area F.
The influence of sufficient numbers of cases in studies of this type is seen in the results of the chi-square test when applied to the agespecific rates in various area groupings. When the two small areas, A and G, are compared, even though they are at opposite poles from the point of view of social ecology and mortality rates, only three age groups were found to have statistically significant differences in rates. When, on the other hand, the distribution of age-specific rates was tested among the seven areas it was found that four age groups had statistically significant differences. Finally, when the distribution of agespecific rates was tested among the broader classification of major areas I to III, thus providing greater numbers, the difference in the rates is significant in all six age groups.
Degenerative disease
Results of the analysis of total mortality from degenerative disease are found in table 5. Figure 8 shows the age-adjusted death rates from such causes. The total number of deaths included in this group was 3,632.
The age-adjusted mortality rate for the city was 463 per 100,000. It rises from a low of 350 in area A to a high of 536 in area F and 502 in area G. Rates for the intervening areas are in inverse relation to socio-economic status; the progression is most clearly shown in the broader grouping of the major areas. The differences between the rates are statistically significant. Deaths per 100,000 population
The numbers of deaths in the three lowest age groups were too small to warrant comment. In the age group 25-44 the rate varies from a low of 65 in area B to a high of 138 in area G. The rate for the city was 98. The rate differences were significant in their distribution in the seven ecological areas. The rates for the next older age group, 45-64 years, vary from 426 in area A to a high of 1,006 in area F and 936 in area G, the rate for the city being 803. The rate differences were found to be highly significant when their distribution in the seven areas was tested. 
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In the oldest age group, 65 years and over, the rates varied from a low of 4,210 in area D to a high of 5,420 in area F. The rate for the city was 4,840. Although the rate differences of the seven ecological areas were found to be highly significant, the relation between socio-economic level and mortality was not definitely demonstrated. This may be due, in part at least, to the wide range of ages included in the age group, so that differing proportions of the very old existed in the populations of the seven areas. Mortality rates from degenerative disease rise abruptly after 65 years of age so that the age factor is still apt to be important in death rates for the combined ages over 65 years.
A striking similarity exists between the pattern of distribution of mortality rates for the ecological areas and the rates for all causes in that these data seem to indicate the same close inter-relationship between poor living conditions and high death rates. The rate in area G is over 40 per cent greater than that in area A. Tests of significance lend support to this interpretation.
The age-specific mortality rates also show the inverse relationship between the level of social ecology and deaths from degenerative disease, and suggest that the inter-relationship is generally operative, at least at all ages above 25 years. This is most evident in the age period 45-64 years, and the fairly steady, progressive increase in the mortality rate in relation to the lowering of the socio-economic level is of interest.
Tuberculosis
Results of the analysis of mortality from all forms of tuberculosis are found in table 6 and figure 9 (age-adjusted rates). The total number of deaths was 323. An evident correlation exists between lowered living conditions and an increased mortality rate from tuberculosis. This progression is clearly shown in the broader grouping of the major areas. It is also seen in the grouping of the seven areas A to G where, with one exception (area F), the mortality rate increases progressively as living conditions deteriorate. Deaths per 100,000 population rates for areas A and G only is significant. The age-adjusted 1930-34 mortality rate for the city is 41.0 per 100,-000. In the seven areas it rises from a low of 20.1 in area A to a high of 56.4 in area G. The rate differences in the seven areas A to G are not significant; however, they are highly significant in the broader grouping of major areas. The difference between the The distribution of deaths by age groups yielded too few at each age to warrant single rates on which reliance could be placed. Significance tests showed that highly significant differences existed only in the age group 45-64, the one in which the majority of deaths from tuberculosis occurred. The order of the rates for this group was an increase with lowered socio-economic conditions. None of the other series of age-specific rates were significant.
MORTALITY AND SOCIO-ECONOMIC STATUS
These data for tuberculosis also show the familiar inverse relationship between socio-economic status and the death rate. The worst area in the city (area G) had a mortality rate nearly three times that of the best area (area A). Tests of significance substantiate this interpretation. The differences in the rates of the major areas and also the rate in area A as compared with that for area G probably reflect actual and real differences in the prevalence of tuberculosis.
Diabetes
A total of 242 deaths from diabetes was recorded during the 5-year period. The age-adjusted mortality rates, shown in figure 10, varied uniformly from a low of 22 per 100,000 in area A to a high of 48 in area G, that for the city being 31. The rate differences, however, were not significant, nor were those for the major areas. For this reason a table of the rates is not presented. Only in the specific age group 45-64, to which half the deaths were assigned, were significant differences observed. The rates varied from 44 in area A to 146 in area G; the rates in the inter-.005 mediate areas however were not consistently arranged in order, but varied between 53 and 40 so 86. It was obvious that the result of the significance test depended solely upon the large increase in the rate of area G over that of area A.
MORTALITY RATES OF ECOLOGICAL AREAS
The evidence, although far from convincing, points to a lower diabetic mortality in the better areas of the city, an observation at variance with the results of other studies of diabetes. It has long been recognized, for example, that the correlation between consumption of sugar, relatively a luxury item, and diabetes is positive and high. The present results, from data secured during depression years, gives rise to the suspicion that mortality from diabetes is not always positively associated with socio-economic status.
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YALE JOURNAL OF BIOLOGY AND MEDICINE Violence Violent deaths (accidents, suicide, and homicide) accounted for a total of 559 deaths during the period of study, with an annual adjusted rate of 71 per 100,000 for the city as a whole. The age-adjusted rates varied over the seven areas in a gradual but statistically non-significant manner from 51 in area A to 87 in area G (Fig. 11) . Those figure 12 . The ageadjusted rates per 100,000 (97.2 for the city) show a general increase over the areas with lowered socio-economic status, although the rates are lowest for areas B and C rather than area A. An orderly progression is shown for the major areas, however, from 75 for area I to 105 for III. The variation in rates is highly significant. figure 13 (age-adjusted rates). Congenital malformations and diseases of early infancy Only eight of the 340 deaths from congenital malformations and diseases of early infancy, during the 5-year period, occurred among children 5 years of age and over. The greater part of the remaining 332, of course, occurred among infants under one year of age. However, populations under one, or the equivalent annual live births, were not available for the socio-economic areas. The rates per 100,000, based on the population under 5 years, are given in table 9 and shown graphically in figure 15 .
The lowest rate It is possible that the socio-economic relation is obscured by the use of rates for the population under five years rather than more precise infant mortality rates. Further, the group is a heterogeneous one, thus hiding differences which a more detailed analysis, based on larger numbers, might have revealed.
Discussion
The relationships shown herein between socio-economic status and health as measured by mortality, are popularly supposed to occur, but are not often demonstrated in practice. This is usually due to one or more of several reasons, principally that the populations contrasted are often too crudely defined, and the actual underlying ecological differences obscured by the heterogeneity of the areas studied. The differentiating factor in many studies is often a single yardstick of socioeconomic status, such as average monthly rental. The present study illustrates the value of combining a number of criteria, rental, delinquency, social standing in the community, financial dependency, etc., to achieve the homogeneity necessary to bring out the essential differences.
Homogeneity within the basic units under study is a factor so often emphasized in all instruction on statistical analysis as to become tiresome to the student attempting to grasp the principles involved. He is inclined to consider the assumption of homogeneity a detail thrown into the problem by the mathematical statistician for reasons of his own. The present study, like others in which the question of homogeneity is carefully followed through, demonstrates not only the practical reasons for the assumption, but that the extra labor involved in rendering the basic units as homogeneous as possible often yields valuable and fruitful results.
Basic social areas must usually be small if homogeneity is to be achieved. This does not make analysis and adequate statistical treatment of data relating to such areas difficult because the data of homogeneous areas may be pooled. This is much to be preferred to the frequent use of larger areas on the mistaken assumption that geographic proximity indicates socio-economic similarity.
There is still prevalent, among public health workers at any rate, a misconception about the pattern of urban growth and the development of social areas. Almost twenty-five years ago, the social scientists at the University of Chicago2 believed they had satisfactorily demonstrated that the typical process of urban growth produces a differentiation into types of areas forming successive zones which radiate from the center of the city. These zones were said to range outwards from the central business district and were consecutively described as "a zone of transition" consisting mostly of slum area, surrounded by "a zone of workingmen's homes" surrounded in turn by "a zone of better residences," finally encircled by "a commuter's zone." This concept has been carefully tested in many cities and has been shown, notably by Davie3 and by Hoyt' to be rarely, if ever, true. Close objective study demonstrates that "There is no universal pattern, not even of an 'ideal' type."3 Figure 1 , for example, demonstrates that in New Haven, among the ecological districts bordering on the central business district, are representatives of five of the seven sociological grades into which the districts had been classified, including the best and the worst grades.
"Today, the health officer realizes that a community cannot be compared, for instance, to an apple that is uniform throughout, but rather to a bunch of grapes, with clusters differing among themselvessome large, others small; some sweet, others sour; some excellent, others bad throughout. More and more, he recognizes that a community is not a mere aggregate of people but is composed of numerous small neighborhoods of relatively homogeneous populations; that each of these units presents social and public health problems, different in nature and scope; problems that can be dealt with effectively only in their local environment." '16 Recognizing this, the health officer must appreciate the need for enlisting the assistance of modern social science. He must work closely with the sociologist and thus avoid some of the errors referred to above. This is but one instance of the steadily emerging truth, that if preventive medicine and public health is to realize its social function it must work closely with those who have studied other aspects of the science of society-sociologists, students of fertility, of population change and migration, of economics, and even of agriculture and industry. 77 Another important factor which must always be considered in the treatment of such socio-economic data as mortality records is that of age. The variation in mortality rates over the life span is so large that unless the age distributions of the populations studied are closely alike, or their differences taken into account as in the present study, other mortality differences fail to be revealed.
The consistent use of a test of significance, not merely of a difference between two rates, but of the variation in a number of them, permits conclusions from data otherwise too often considered inadequate for decision. The chi-square test is of greatest usefulness in this connection.
The data utilized in the present study demonstrated upon analysis a strong adverse relationship between socio-economic status and mortality from all causes. This relationship is present at all ages but is most striking below the age of five years and between the ages of 25 and 64 years. The same adverse relationship was found for deaths from degenerative disease, most evident between the ages of 45 and 64 years. Tuberculosis data also demonstrated the same adverse relationship, especially in the age group 45 to 64 years.
Diabetes is usually considered to be a disease of the well-to-do. However, our data, on mortality at least, do not conform, but inconclusively point to the opposite, that is to an adverse relationship between socio-economic status and the death rate from diabetes.
Although the influence of chance variation could not be satisfactorily ruled out in interpreting the rate differences for deaths from accident and violence, the data are suggestive of the same adverse relationship.
Deaths from respiratory disease (exclusive of tumors and tuberculosis) indicate an adverse relationship between socio-economic status and mortality, especially below the age of five years and above the age of 25, and between the ages of 45 and 64 years.
Mortality rates for tumors and for infectious and parasitic disease revealed no relationship to sociologic factors.* Deaths from diseases of infancy and congenital malformations were also unrelated to socioeconomic factors, but as was pointed out, these data could not be analyzed satisfactorily as infant mortality rates could not be calculated.
